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PROVISIONAL SPECIFICATION 
No. 28995 A.D. 1937. 



An Improved Process for Bonding Rubber or the like to Metal 



We, DuNLor Rubber Company Limited, 
a British Company, of 32, Osnaburgh 
Street, London, N.W.I, Douglas Frank 
Twiss and Frederick Arthur Jones, 
5 both British Subjects and both of the 
aforesaid Company's Works at ^ Fort 
Dunlop, Erdington, Birmingham, in the 
County of Warwick, do hereby declare 
the nature of this invention to be as 
10 follows: — 

This invention concerns an improved 
process for bonding compositions of or 
containing rubber, gutta-percha, balata to 
metallic surfaces. 
15 It is known that a film of copper will 
improve the attachment of rubber to 
metal such as iron or steel , and it has been 
proposed to coat iron, steel or tin articles 
with a thin film of copper, for example 
20 by dipping them into a prepared solution 
oi' copper sulphate, and then coating them 
with rubber which is subsequently 
vulcanised. 

Tn another mocess rubber is secured to 
25 metal by interposing a bonding layer 
/Containing organic or inorganic salts of 
copper or cobalt and subjecting the rubber 
to heat and pressure. 

It has also been proposed to unite vul- 
30 canised rubber to metal by interposing a 
coating of copper, mercury, manganese, 
or iron salts of organic' acids containing 
one or more reactive groupings in addi- 
tion to the characteristic acidic grouping 
35 and subjecting the rubber applied to the 
coating to heat and pressure. 

It has also been proposed to bond rubber 
to metal bv prior treatment of the former 
with a halogenated rubber solution. The 
40 strength of the rubber-metal bond effected 
in accordance with the invention about to 
be described is found to be far greater 
than can be attained by the use of a metal 
compound, or of a halogen individually, 
45 and is developed immediately thereby per- 
mitting the- articles to be removed from 
hot presses without impairment of the 
bond and witbout any necessity for pre- 
liminary cooling before the press is 
50 opened. 

f Price 1/-] 



The improved bond is also capable of 
withstanding high temperatures, for ex- 
ample temperatures ranging from 100 — 
150° C-, witbout separation and in many 
cases remains substantially as good at the 55 
higher temperatures as at ordinary tem- 
perature. 

The improved bond is also resistant to 
vibration, this feature combined with its 
heat-resistant characteristics rendering 60 
such bonds particularly suitable for use in 
rubber-metal engine mountings for motor 
vehicles and aircraft in which marked 
vibration occurs. fi - 
According to this' invention the method D * 
of bonding compositions of or containing 
vulcanised rubber or the like to metal is 
characterised by the treatment of the 
surface or surfaces of the said composition „ 
with a solution of a salt containing a 
heavy metal and one or more free halo- 
gens. The halogen or halogens may be 
applied independently or may be gener- 
ated in the said solution and more than ^ 
one halogen may be used concurrently as 
for example an aqueous solution of a mix- 
ture of chlorine and bromine. 

The composition of or containing rubber 
or the like mav be suitably compounded 
and admixed with compounding ingre- 
dients including agents of vulcanisation 
such as sulphur and accelerators prior to 
effecting the bond by heat and pressure 
which may incidently assist or complete 
the vulcanisation of 'the composition. 

The surface of the composition may be 
treated with the said solution and with 
the halogen or halogens concurrently or 
in successive steps, after which the treated 
surface of the composition is contacted 
with the metal surface preferably after 
the latter has been cleaned. 

The halogens mav be applied as solu- 
tions for example, of chlorine or bromine 
in water. Iodine may also be applied 
in solution for example in aqueous 
potassium iodide and mixtures of such 
solutions mav be used. 

Exnmples'of suitable salts of hfi £vy 
metals include: — copper sulphate, cobalt 100 



80 



85 
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clSoS; Vanadium chloride, chromium 
cnionde, potassium chromate or di- 

K ™Ti ^5 ' » old cWoridc, mercuric chforide 
6 molybdenum chloride, stannic chloride' 

KSSS. PenDan ^ anate - ammonium 

in „ trea * in S the surface of the com- 

10 poMfaon or the desired portion of the 
article formed from the said composition 
with said solution and halogen or halo- 
bf4' a S e /- eated . SUrface or article may 
1* of ^ d ^ Water ' dried > bonding 

15 of the treated composition or article to 
metal being effected when convenient 

lie invention may be convenient^ ear- 
ned into effect as follows .- - . y 
\ s ^ lutl °^ of one or more of the Hp 
20 scribed salts in water is Lde (for 



example, 2% concentration) and the 
halogen added to form an approximately 
™M. S W dled solution in water. The 

S0luti0T, 1 %o m ^ erSed ^ ° r WCtted Witt *tis 

dried tw™ m,u " tes v wa shed and 25 
cmed. Drying can be effected in any 
convenient manner, for example by meet 

rubK?r°f methods. The dried 

rubber is contacted with a steel plate 
which has been cleaned by convenient 30 

or rubbing with emery paper or with 

W e d e in St r aDd and is S2 

neated in steam or in a press. 

. In a number of experiments the adhe us 
sion was examined at the ordinary tern 
perature and the plate was then^heated 
» an oven at 120° C. for about thirtv 

S te hot and the adhesioa 

40 



46 



50 



55 



60 



65 




Cobalt nitrate 
Copper sulphate 
Copper sulphate 
Cobalt nitrate 
Cobalt nitrate 

Vanadium chloride 
Ferric chloride 
Mckel sulphate 
Nickel ethyl sulphate 
Potassium chromate 
Chromium chloride 
Manganese chloride 
Molybdenum chloride 
Gold, chloride 
Stannic chloride 
Mercuric chloride 
Antimony chloride 



3Tone 

Chlorine 

Sodium 

hypochlorite 

Chlorine 

Chlorine 

Bromine 

Bromine 

Iodine in potas- 
sium iodide 
solution 
Chlorine 
Chlorine 
Chlorine 
Chlorine 
Chlorine 
Chlorine 
Chlorine 
Chlorine 
Chlorine 
Chlorine 
Chlorine 
Chlorine 



Good 
. Good 
Good 
Good 
Good 



Very good 
Good 
-Slight. 
Slight 
Good 

Fairly good 
Very good 
Very good 
Very good 
Good 
Good 
Good 



Fairly good 



Good 
Good 
Good 
Good 
Good 



Very good 
Good 
Poor 
Poor 
Good . 
Fairly good 
Very good _ 
Very good 
Very good 
Good 
Good 
Good 



-anas s =«£saafe* 



70 



Sulphur chloride S 2 C1, 
Sulphur tetrachloride 
SC1 4 



Chlorine 



th^tf h A ab - OVe results.it will he seen 
that the adhesion obtained hy the use of 

and llo lphat ^ 0r nickel ethyl-sulphate 
a fi halogen was. very small.: Sulphur 

wSffc !ogen gave a very po*>r adhesion. 
• Further teste were made and the load 



- Very poor ' 

Poor 1_ 

»ZT Sa H to l l ¥ separation of the metal " 

a stiff StfatSgL 

The results obtained are as follows 
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Metal Salt 
plus chlorine. 



Adhesion at 
20° C. lbs./ 
linear inch. 



Stannic chloride 
Antimony chloride 
Mercury chloride 
Molybdenum chloride 
Ferric chloride 
Vanadium chloride 
Copper sulphate 
Cobalt nitrate 

For the purposes of comparison sill ^ ar 
measurements were made with the rubber 
attached to metal with the aid of bromine 



18 
20 
16 
40 
22 
20 
20 
32 



Metal salt plus 
bromine. 



20 



Adhesion at 
20 ? C. lbs./ 
linear inch. 



Bromine water 
Bromine water & 
copper sulphate 



14 



Dated the 22nd day of October, 1937. 



Adhesion Hot 
Temperature 
of teat 



lbs. /lineai- 
inch. 



115° C 
115° C 
115° 
115° 
110° 
110° 
120° 
120° 



C. 

c. 
c. 
c. 
c. 
c. 



18 
20 
12 
31 
22 
18 
10 
16 



water. A similar test was also carried out 15 
according- to the invention using bromine 
water" and copper acetate solution. 



Adhesion Hot; 
Temperature 
of test. 



lbs. /linear 
inch 



120° C. 
120° C. 



4 

24 



W. BOND, 
Acting for the Applicants. 



PROVISIONAL SPECIFICATION 
No. 24123 A.D. 1938. 



An Improved Process for Bonding Rubber or the like to Metal 



25 



We, Dtjnlop Rtjbubu Company Limited, 
a British Company, of 32, Osnaburgh 
Street, London, N.W.I, Douglas Frank 
Twiss and Frederick Arthur Jones, 
both British Subjects and both of the 
aforesaid Company's Works at hort 
30 Dunlop, Erdington, Birmingham, in the 
County of Warwick, do hereby declare 
the nature of this invention to be as 
follows : — , 
This invention concerns an improved 
process for bonding compositions, of or 
containing- rubber or the like by which 
is intended natural or synthetic rubber, 
cmtta-perdia balata, to metallic surfaces. 
* It is known that a film of copper or 
brass will improve the attachment ot 
rubber to metal such as iron or steel, ana 
it has been proposed to coat iron, steel or 
tin articles with a thin film of copper, tor 
example bv dipping them into a prepared 
45 solution of copper sulphate, and then 
coating them with rubber which is subse- 
quently vulcanised. , . . -i + 

In another process rubber is secured to 
metal by interposing a bonding layer con- 
50 taining organic or inorganic salts oi 
copper or cobalt and subjecting the rubber 
to heat and pressure. 

It has also been proposed to unite vui- 



35 



40 



55 



60 



canised rubber to metal by interposing a 
coating of copper, mercury, manganese, 
or iron salts of organic acids containing 
one or more reactive groupings in addi- 
tion to the characteristic acidic grouping 
and subjecting the Tubber applied to the 
coating to heat and pressure. 

It has also been proposed to bond rubber 
to metal by prior treatment of the former 
with a halogenated rubber solution. 

The strength of the rubber-metal bond 
effected in accordance with the invention ° 
about to be described is found to be far 
greater than can be attained by the use 
of a metal compound, or of a halogen 
individually, and is developed mme- 7Q 
diately, thereby permitting the articles 
to be 'removed from hot presses without 
impairment of the bond and without any 
necessity for preliminary cooling beiore 
the press is opened. . r 75 

The improved bond is also capable ot « v 
withstanding high temperatures, for ex- 
ample temperatures ranging from 1UU— 
150° C, without separation and m many 
cases remains substantially as gnod at the 
higher temperatures as at ordinary tem- 
perature. . 

The improved bond is artso resistant to 
vibration, this feature combined with its 



HO 
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i^tl eS ^ at characteristics rendering 
IT&erZt P, artlc ? lar ly citable for S 

28995 17 P ? \ application numbered 

metal and one or more free halolens * 
15 by S r i~f t0 + ^ C mod ^ation Educed 

oflaidS? °. f + , ^^compositions and/ or 

25 heat g ° Ud by tte a PPHcation of 

mentt h *l? sen « ]e ™ent or ele- 

30 Son' o tS^ftf 6ret0 ° f tLe so1 " 
beaw r Srr "■ ° I ^ e .^ ou , ad of .the 



35 oSrenti?,^ 611 m V be ^ed * n! 
br?m?ni y S f ° r eSampl6 ctlorin - ^d 

<Wh! c ,T POsition of or containing rubber 
and tlle aSLe n d ay wf tf f Uitably «"»P^SS 
40 ^edien^SeL^^s^^ > 

45 Th?^ 8>t !? n 0f tbe imposition 6 

50 for treatoent of tv,f lutl P D ° r sus Pension 
be f ™v c . om P°«tion which may 

wfth ligT* rise ° f temperature 
65 a^W^Jtg 



tWeo C l aDd rUbb6r SUrface ^exposed 
for T eLm D lf n „ S f ar , e , applied as solutio ^ 

alreadv^f 01 sus ? e nsions containing 

„u . nitrate > vanadium chWid* 

potassium pS?k n ,£ PPer aCetate ' 
molybdate C C ^ i™ 1 ™ 90 

thio-lvcolT«t« PP tluos alicylate, cobalt 

sfeSte ^b»?? Pper v^S Moa * e ' coba l* 

rjHS^ £ * fc S^S' ass 

eSedfen^iSt b ^ 
carried ?™ effect*^ > 9°™*"*% 
follo W i n ^oup ff s eC of e" am p?es lb l d » *» 106 



GEOTTP 1. 

of thl >a w BUf^iiMkm of one or more 

xor^f netted w^Vst^ 

feinrcan^etcted^ 
manner for «SmU l. 7 convenient 

evaporations SeffiSSS ^ 

with emerV ° P a P er of w*f ° T - 

aqueous solutions If S"? 1 ** 
pounds "oonfaSSL iiS* Vari0U£ ! com - 

0-5% Wot^^'HTS^ 
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5 



at the ordinary temperature and the plate 
was then heated in an oven at 120° C. for 



Metal Compound 
Used 



about thirty minutes and the adhesion 
again examined while hot. 



Adhesion 

AT 120° C. 



10 



15 



20 



25 



30 



Cobalt nitrate 
None 

Cobalt nitrate 

Cobalt nitrate- 
Copper sulphate 
Copper sulphate 
Cobalt nitrate 
Cobalt nitrate 



Vanadium chloride 
Ferric chloride 
Nickel sulphate 
Nickel ethyl sulphate 
Potassium ehromate 
Chromium chloride 
Manganese chloride 
Molybdenum chloride 
Gold chloride 
Stannic chloride 
Mercuric chloride 
Antimony chloride 





Adhesion 


.Halogen. 


at 20° C. 


None 


Very poor 


Chlorine 


Very poor 


Sodium 


Fairly good 


hypochlorite 


Good 


Chlorine 


nhlorino 


Good 


Bromine 


Good 


T^romine 


Good 


Iodine in potas- 


Good 


sium iodide 




solution 


Very good 


Chlorine 


Chlorine 


Good 


Chlorine 


Slight 


Chlorine 


Slight 


Chlorine 


Good 


Chlorine 


Fairly good 


Chlorine 


Very good 


Chlorine 


Very good 


Chlorine 


Very good 


Chlorine 


Good 


Chlorine 


Good 


Chlorine 


Good 



Fairly good 

Good 
Good 
Good 
Good 
Good 



Very good 

Good 

Poor 

Poor 

Good 

Fairly good 
Very good 
Very good 
Very good 
Good 
Good 
Good 



For purposes of comparison similar experiments were made with 
rubber attached to metal with the aid of chlorides of sulphur :— 



Sulphur chloride S fi Cl a 
Sulphur tetrachloride 
SCl d 



Chlorine 



35 



40 



From the above results it will be seen 
that the adhesion obtained :by the use of 
nickel sulphate or nickel ethyl-sulphate 
and halogen was very small. Sulphur 
chloride also either with or without addi- 
tional halogen gave a very poor adhesion. 



Very poor — 
Poor — 

Examples, 
group 2. 

Further tests were made and the load 
necessary for the separation of the metal 
and rubber both hot and cold was deter- 
mined .the recorded reading being that 
of the load required to cause slow steady 
separation of the rubber and metal. 

The results are obtained as follows: — 



45 



50 



55 



60 



Metal Compound 
plus chlorine 



Adhesion at 
20° C. lbs./ 
linear inch. 



Adhesion Hot; 
Temperature 
of test 



lbs. /linear 
inch. 



Stannic chloride 
Antimony chloride 
Mercury chloride 
Molybdenum chloride 
Ferric chlorido 
Vanadium chloride 
Copper sulphate 
Cobalt nitrate 



IS 
20 
16 
40 
22 
20 
20 
32 



115° 
115° 
115° 
115° 
110° 
110° 
120° 
120° 



C. 
C. 
C. 

c. 
c. 
c. 
c. 
c. 



18 
20 
12 
31 
22 
18 
10 
16 



Examples, 
ghoup 3 

For the purposes of comparison similar 
measurements were made with the rubber 



attached to metal with the aid of bromine 65 
water. A similar test was also carried out 
according to the invention using bromine 
water and copper acetate solution. 
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Metal Compound 
plus bromine. 



Adhesion at 
20° C. lbs./ 
linear inch. 



Adhesion Hot; 
Temperature 
of test. 



-Bromine water 
5 -Bromine water and 
copper acetate 



lbs. /linear 
inch 



14 
28 



120° C. 
120° C. 



EXAMPLES. 
. . GROUP 4. 

in k A f he ? 0 » tes *s were also made on the 
10 bonds obtained between rubber and steel 
and were supplemented bv agein~ tests 

KfSf?l treate + d 1 r ^- Teen IT 
tacted with the metal and vulcanised and 

i s f Q treated unvulcanised rubber 

15 made ^ °K *!f 6 be . &re th * ^nd was 
f^w, k b r ds maintai * their satis- 
factory character as is shown by the 
following observations J 



4 

24 



35 



40 



45 



Kewly bonded 
specimen 

After 7 days 
ageing 

After 14 days 
ageing 

After 20 days 
ageing 

After 25 days 
ageing 

After 30 days 
ageing 

After 36 days 
ageing 

After 39 days 
ageing 



Adhesion at 
70° C. 



Steel plates were covered with cobalt 
nitrate-ehlorme treated rubber, copper 20 
sulphate-chlorine treated rubber and man- 
ganese chloride-chlorine treated rubber 
liiese were subsequently heated in a Geer 
type ageing oven, maintained at 70° C 
for 40 days; at the end of this period the Qfi 
adhesion was still very good both at room 25 
temperature and at 110° C. The samples 
were examined from time to time during 
the period of ageing and the following 
observations recorded : — «>vm 0 



do. 
do. 
do. 
do. 
do. 
do. 
do. 

Samples of the treated, but un- 
vulcanised rubber as above were aged at 

*n - j \ n J he Geer oyeB *>r a similar 
50 period of time ; after 30 days ageing the 
lubber was substantially unchanged the 
chemically treated side having a|ed only 
to the same extent as the untreated side 

f J^ Pl ?\ 0f tL ? w^wiiaed rubber were 
55 treated (a) with a solution of 10 part. 
ci>-stalhsed copper sulphate in 500 parts 
s^lurio^ A* 100 parts of a saturated 
solution of bromine an water had been 
added and (b) with a simlar solution of 
60 copper sulphate through which chlorine 



Very good 

do. 

do. 

do. 
do. 
do. 
do. 
do. 



30 



Bubber in good 
condition 



do. 



do. 

Bubber becoming 
harder and less elastic 

Bubber becoming stiff 

Bubber stiff and 
cracked on flexing 

^Rubber showed marked 
signs of deterioration 



gas had been passed for 5 minutes. In 
each ease the rubber sheet was immersed 

rubbers , Utl ° aS f f r 8 The treated 

rubbers xvere stored at 20° C. for 10 
months and then were applied to steel 
plates by vulcanisation of the rubber in 

After vulcanisation the adhesion was 
The following results were obtained: — . 



65 



70 



75 



Copper sulphate and chlorine treatment 
Copper sulphate and bromine treatment' 



Adhesion at 20° C. Adhesion at 112 6 C. 



2^-28 lbs. /inch. 
40 lbs. /inch. 



24 lbs. /inch. 
40 lbs. /inch. 
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In spite of the long period of storage 
before use, the treated rubber ages well 
either iu the vulcanised or unvulcanised 
condition and the adhesive strength is un- 
5 impaired. 

Examples . 
group 5. 

To a solution of rubber (7.5 parts by 
weight) in carbon tetrachloride (3S0 parts 

10 by volume) is cautiously added with rapid 
stirring, a solution of bromine (3 parts by 
volume) dissolved in carbon tetrachloride 
(30 parts by volume). A mobile solution 
is obtained* and no separation of clots 

15 occurs. 

To separate portions of this solution the 
following additions are made, 0.8 parts 
(by weight) being added to 100 parts (by 
volume) of the solution: — 



55 



20 



25 



(a) No addition. 

(b) Cobalt carbonate. 

(c) Copper thiosalicylate. 

(d) Cobalt 

(e) Cobalt salicylate. 

(f) Copper 3J 

(g) Cobalt diethyldithiocarbamate. 



0 



75 



To further separate portions of the solu- 
tion the following additions by weight are 
made per 100 parts of solution by 
30 volume: — 

(h) Zinc diethyldithiocarbamate 
parts) sulphur (0.25 parts) 
oxide (0.25 parts) copper 
salicylate (1.5 paTts). 
(j) Zinc diethyldithiocarbamate 
parts) sulphur (0.25 parts) 
oxide (0.25 parts) cobalt 
salicylate (1.5 parts), 
(k) Zinc diethyldithiocarbamate 

parts) sulphur (0.25 parts) r -~ 
oxide (0.25 parts) cobalt salicylate 
(1.5 parts). m 
(1) Cobalt diethvldithiocarbamate (1.0 
parts) sulphur (0.25 parts) zinc 
oxide (0.25 parts) 



35 



40 



(0.45 
zinc 
thio- 
ls 
zinc 
thio- 

(0.45 



45 



on 



The above mixtures are brushed 
clean steel plates and, when dTy, layers of 
unvulcanised compounded rubber are 
applied. After vulcanising by means of 
50 heat and pressure, good adhesion ot tne 



rubber to the steel is obtained except m 
the case of (a) where only very slight 
adhesion resulted due to the absence ot 
the heavy metal compound. The rubber- 
covered plates are heated to lOo— Ho ^- 
for about 30 minutes in an oven and the 
adhesion is again examined. 

Following this outline procedure it is 
f ound that the adhesion of the hot bond is 
substantially as good w» that obtained at 6U 
room temperature (20° C.)- 
Examples. 

GROUP 6. 

Through a solution of rubber (7.0 parte 
by weight) in carbon tetrachloride («J8U OO 
parts by volume) chlorine was passed at a 
rate of about two bubbles per second for 
about 20 minutes. 

To separate portions of this solution U.fc 
parts by weight of the following metal 
salts were added per 100 parts by volume 
of the solution. 

(1) No addition 

(2) Copper carbonate. 

(3) Copper thiosalicylate. 

(4) Cobalt 

(5) Copper salicylate. 

(6) Cobalt 

(7) Cobalt diethyldithiocarbamate. 

To separate parts of the chlorinc-rubbcr 80 
solution 0.25 parts of sulphur, 0.2o parts 
of zinc oxide, and 0.45 parts of zinc di- 
ethyldithiocarbamate were added per 1UU 
parts by volume of the solution. 

(8) Cobalt thiosalicylate 1.5 parts. 85 

(9) Copper 1-5 parts. 

(10) Cobalt salicylate 1.5 parts. 

(11) Cobalt diethyldithiocarbamatie- 1.0 
parts. 

(omitting the zinc diethyldithio- 90 
carbamate). 
Adhesion tests between rubber and steel 
were made as previously described and 
"-ood adhesion both at room temperature 
and at 115° C. was obtained in all cases 95 
except (1) where the adhesion was poor 
due to the absence of the heavy metal com- 

P °Dated the 15th day of August, 1938. 
W. BOND, 
Acting for the Applicants. 



COMPLETE SPECIFICATION 
An Improved Process for Bonding Rubber or the like to Metal 

We, Dtjnlop Rubber Company Limited, 



100 a British Company, of 32, Osnaburgh 
Street, London, N.W.I, Douglas Frank 
Twiss and Frederick Arthtjr Jones, 
both British Subjects find both of the 



aforesaid Company's Works at > Fort 
Dunlop, Erdington, Birmingham, in the 105 
County of Warwick, do hereby declare 
the nature of tin's invention and in what 
manner the same is to be performed, to 
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tStln^ aad pertained 
\7 b 7 following statement — 

process 7Z e T°^ C0IlCeTns an improved 

tm articles with a thin film of copper for 
x? f c °PP er sulphate, and then 

Z5 coatmg of copper, mercury, manganese 
It Salts o£ organic acids contaS 
Son to Z r \ reaCt f TC - Swings in addi- 
tion to the characteristic acidic groupino 

«JU coating to heat and pressure. 

to \ b< ? en P r °P°sed to bond rubber 

to metal by prior treatment of the former 
with a halogenated rubber solution 
»#f ♦/ t . ren S ti of the rubber-metal bond 
aboutloil T^f? - witb the invention 

deafer tb at d f Cri K ed i! f ° Und to b * 

™ 7 i Can be att amed by the use 
of a metal compound, or of a haWn 

40 SfteTv Ua /b ly ' ^ d ia >-elo P ed iE 
40 lately, thereby permitting the Articles 
to be removed from hot presses without 

St° f th f- b ? nd a » d ^thout a ° n U y 
necessity for preliminary cooling before 
tne press is opened. " uelore 

45 The improved bond is also caDablo n f 

kfrk temperaWsf for ex 
ample temperatures ranging from 100- 
■1£>U C, without separation and in manv 
cases remains substantially as mod rttS 

°° P h ie tem,wtatms - a * ordfr/y m ? 

vifeo^I 6 * b ? nd " resistan t to 
vioration, this feature combined with its 

55 such bo^ 311 * ^acteristics rendTring 
Pa^ularly suitable for usf 
in. rubber-metal, engine mountings for 

™^ T i Ve k lcle ? and aircraft in which 
marhed vibration occurs 

60 metC r 5 n if t A- the Present Mention the 
compositions of or con- 
Drkfl^ bber ° r th f Uke t( > ^otal com- 
Son? ttf mS ? SU - r i ace of sa id composi- 
medi„r d (,°/- 0 ^ Said metal with a fluid 
St" containing a compound of a heavy 

65 metal and one or more dissolved halogen? 



bringing the treated surface or surfaces of 

tacf C :T ltW T said metal Sto con- 
tact , and completing the bond by the 
application of heat. 7 
•l™ 1 * < dissol T e(i balogen element or 70 
slfc S - m t y ^ a PP led to the surface oi 

rJr tl T^ ntly L ° f ' and bef ore or 
a^ter the application tbereto of the solu- 

heavv r Sf nS10a - ° f ?e compound of the 
ThtL W ' ? r 111 admixture therewith. 75 
Ibe halogen element or elements may be 
generated in the said solution and morl 

aTfor D B t f eQ u ma y. be used concurrently 
as for example chlorine and bromine 

IJie composition of or containing rubber 8/i 
or the like may be suitably compounded" 
and admixed with compound^., in- 
gredients including agents of vulcanisa- 
tion such as sulphur and accelerators prior 
to eilecting the bond by heat and pressure 85 
which may incidental^ assist or compel 
the vulcanisation of the composition 
sohnSnf !> medrum >r preparation of the 

ment of ° t L SUSpe P nS10n f ° r t , he said ' treat- 
ment of the surface or surfaces may be 90 

peS\ ? t r °t? erW h-- "ttemediumLed 9 ° 
permits it, the solution or suspension for 

£l^ ent ^L tbe or surfaces may 

include additionally a quantity of rubber 
or a rubber composition which may be a Q.<> 
composition similar to that of the rubber 
surface to be treated. *uooer 

toiSL" 1 ' m ° re 1 f tLe surf aces to be bonded 
S£ may be - treated witb the said 
solution or suspension and with the halo- IIH. 
gen element or elements concurrently £ 10 ° 
in successive steps after which the sur- 

thl aif % 0Bffht t0ff ? tb . er Preferably with 
the aid of pressure and rise of temperature • 
with either form of procedure the haWen 105 
eventually passes into chemical combma- °° 
with «. W ^° h form ^ is retained together 
with the heavy metal between the metal 

t£reon aUd ^ ' Ubb * SU * faCe ^ 

fo^examS^ "ifi appHed as solutions U ° 
W example, of chlorine or bromine in 
water or in an organic solvent such Z 
.carbon tetrachloride. Iodine may also he 
applied in solution for example i/aqueous , , - 
potassium iodide or in an organic solvent 110 
such as carbon tetrachloride ° 2uixtuS ^of 
such solutions of halogens may be u^ed 
The chlorine or other halogen ^av Tlso - 
the so?* 3 /- described > b e introduced ifo 120 
2™ J lt 10nS ° r 6US P eil sions containing 120 
already the compound of the heavy metel 
possibly also together with rubier or " 
rubber composition.. ««"er or 

Examples of suitable compounds of i > 5 
heavy metals include .-—copper sulphate 
cobalt nitrate, vanadium chloride 
chromium chloride, potassium cWate 
or dichromate, ferric chloride, manganese 
chloride, gold chloride, mercuric chforidf 13() 
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molybdenum chloride, stannic chloride, 
antimony chloride, copper acetate, 
potassium perniangana.1 e, ammonium 
molybdate, copper tkiosalicylate, cobalt 
5 tliioglycoliate, copper henzoate, cobalt 
salicylate, cobalt naplitbeiiate, copper 
poniamethvlene-ditliiocarbamate, cobalt 
diethylditluocarbamate, rnercury benzyl- 
mercaptide, mercury etbylmercaptide, 
jq cobalt isopropyl-xanthate. 

After treating the surface or surfaces 
to be bonded with, said medium and dis- 
solved hn logon or halogens, the treated 
surface or surfaces may be washed and/ or 
15 dried, bonding of the surfaces being 
effected when convenient. 

The invention may be conveniently 
carried into effect as described in the 
following groups of examples : — 
Examples . 
group 1. 

A solution or suspension of one or more 
of the described compounds is made (for 



30 



20 



example, 2% concentration) and the halo- 
o-en added to form an approximately one- '25 
half per cent, solution. The rubber is 
immersed in or wetted with this solution 
for two minutes, washed and dried. 
Drying can be effected in any convenient 
manner, for example by mechanical or 
evaporative methods. The dried rubber 
is contacted with a steel plate which has 
been cleaned by convenient means such as 
" pickling ", sandblasting or rubbing 
with emery paper or with pumice stone and 35 
water, and is then heated in steam or m a 
press. 

In a number of experiments using 
aqueous solutions of the various com- 
pounds containing* also approximately 4U 
0 5% halogen the adhesion was examined 
at the ordinary temperature and the plate 
was then heated in an oven at 120 C. for 
about thirty minutes and the adhesion 
again examined while hot. 45 



Metal Compound 



Halogen. 



Adhesion 

AT 20° C. 



Adhesion 

AT 120° C. 



50 



55 



60 



65 



Cobalt nitrate 
STone 

Cobalt nitrate 
(acidic solution) 
Cobalt nitrate 
Copper sulphate 
Copper sulphate 
Cobalt nitrate 
Cobalt nitrate 



Vanadium chloride 
Ferric chloride 
Nickel sulphate 
Nickel ethyl-sulphate 
Potassium chromate 
Chromium chloride 
Manganese chloride 
Molybdenum chloride 
Gold chloride 
Stannic chloride 
Mercuric chloride 
Antimony chloride 



None 
Chlorine 
Sodium 
hypochlorite 
Chlorine 
Chlorine 
Bromine 
Bromine 
Iodine in potas- 
sium iodide 
solution 

Chlorine 

Chlorine 

Chlorine 

Chlorine 

Chlorine 

Chlorine 

Chlorine 

Chlorine 

Chlorine 

Chlorine 

Chlorine 

Chlorine 



"Very poor 
Very poor 
Fairly good 

Good 
Good 
Good 
Good 
Good 



Very good 

Good 

Slight 

Slight 

Good 

FaMy good 
Very good 
Very good 
Very good 
Good 
Good 
Good 



Fairly good 

Good 
Good 
Good 
Good 
Good 



Very good 

Good 

Poor 

Poor 

Good 

Fairly good 
Very good 
Very good 
Very good 
Good 
Good 
Good 



For purposes of comparison similar experiments were made with 
rubber attached to metal with the aid of chlorides of sulphur :— 



76 



Sulphur chloride S^-CU 
Sulphur tetrachloride 
SCL 



Chlorine 



From the above results it will be seen 
that the adhesion obtained by the use of 
nickel sulphate or nickel ethyl-sulphate 
and halogen was very small. Sulphur 
80 chloride also either with or without addi- 
tional halogen gave a very potox adhesion. 



Very poor — 
Poor — 

Examples 
grotjp 2. 

The following examples illustrate the 
use of a fluid medium for treating the 
surfaces to be bonded, in which a halogen 
is generated in situ by the interaction of 



85 
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15 



20 



25 



30 



35 



TJnvulcanised rubber 
treated with mixed solu- 
tion of ; 



? 4 1 aqneous ^Persion 
or bleaching powder l 
part, 10% copper sul- 
pliate soln. containing 5 <V 
of concentrated hydro- 
chloric acid 1 part/ 

Sodiumhypochlorite solu- 
tion (10 % available chlor- 
ine) l part, 10% solution 
of cobalt chloride con- 
5% of concen- 
trated hydrochloric acid 
1 part 

!0% aqueous solution 
sodium chlorate 1 part, 
J-U /o aqueous solution 
copper sulphate contain- 
ing 5% of concentrated 
hydrochloric acid l part 

!0% aqueous solution 
potassium permanganate 
containing 5% of concen- 
reated hydrochloric acid 



Time of 
Treat- 
ment 
(Minutes) 



Adhesion (5) 
20° C. of 
rubber to 
steel after 
vulcanising 



10 



30 



24 lbs. per 
linear 
inch 



18 lbs. per 
linear 
inch 



24 lbs. per 
linear 
inch 



24 lbs. por 
linear 
inch 



Adhesion 

at 
115° C. 



22 lbs. per 
linear 
inch 



18 lbs. per 
linear 
inch 



24 lbs. per 
linear ~ 
inch 



20 lbs. per 
linear 
inch 



Examples. 

■p GHOTJP 3. 



45 



50 



55 



Metal Compound 
plus chlorine. 



Stannic chloride 
Antimony chloride 
Mercury chloride 
Molybdenum chloride 
ferric chloride 
Vanadium chloride 
Copper sulpha!© 
Cobarit nitrate 



Adhesion at 
30L - 'C. lbs./ 
inch. 



linear . 



18 
20 
16 
40 
22 
20 
20 
32 



Examples. 
onovr 4. 

*or the purposes of comparison similar 
measurements were made with tie rubber 



mined and recorded reading- beinc that 
The results obtained are as follows :— 



Adhesion Hot; 
Temperature 
of test 



lbs. / linear 
inch. 



115' 
115' 
115° 
115° 
110° 
110° 
120° 
120° 



C. 
C. 
C. 

c. 
c. 
c. 
c. 

C. 



18 
20 
12 
31 
22 
18 
10 
16 



according to™ he fn™ **** Carr ' ed <** 

-*er ^^^sssir^ 
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Metal Compound 
plus bromine. 



A (1 Lesion at 
20° C. lbs./ 
linear inch. 



Adhesion Hot; 
Temperature 
of test. 



lbs. / linear 
meli 



.Broinine water 
Bromine water a-nd 
copper acetate 



14 

2S 



120° 0. 
120° C. 



24 



Examples 
group 5. 

Adhesion tests were also made on the 
10 bonds obtained between Tubber and steel 
and were supplemented by ageing tests 
both after the treated rubber had been 
contacted with, the metal and vulcanised 
and by storing the treated unvulcanised 
15 rubber for a period of time before the bond 
was made. The bonds maintain their 
satisfactory character as is shown by the 
1 ol lowing observations . 



Steel plates were covered with cobalt 
nitrate-chlorine treated rubber, copper 20 
sulphate-chlorine treated rubber and 
manganese chloride-chlorine treated 
rubber. These were subsequently heated 
in a Geer type ageing oven, maintained at 
70° 0., for 40 days; at the end of this 
period the adhesion was si ill very good 
both at room temperature and at 110° C. 
The samples were examined from time to 
time during the period of ageing- and the 
following observations recorded: — 



25 



30 





Kewly bonded 
specimen 


Adhesion at 
70° C. 


Very good 






After 7 days 
ageing 


do. 


do. 


Rubber in good 
condition 


35 


After 14 days 
ageing 


do. 


do. 


do. 




After 20 days 
ageing 


do. 


do. 


do. 


40 


After 25 days 
ageing 


do. 


do. 


Rubber becoming 
harder and loss elastic 




After 30 days 
ageing 


do. 


do. 


Rubber becoming stiff 




After 36 days 
ageing 


do. 


do. 


Rubber stiff and 
cracked on flexing 


46 


After 39 days 
agoing 


do. 


do. 


Rubber showed marked 
signs of deterioration 



Samples of the treated, but nnvul- 
canised, rubber as above were aged at 70° 
C. in the Geer oven for a similar period of 

50 time; after 30 days ageing the rubber was 
substantially unchanged, the chemically 
treated side having aged only to the 
same extent as the untreated side. 

Samples of the unvulcanised rubber 

55 were treated (a) with a solution of 10 parts 
crystallised copper sulphate in 500 parts 
water to which 100 parts of a saturated 
solution of bromine in water had been 
added and (b) with, a similar solution of 

GO copper sulphate through which chlorine 



gas had been passed for 5 minutes. In 
each case the rubber sheet was immersed 
in the solutions for 3 minutes. The treated 
rubbers were stored at 20'° C. for 10 
months and then were applied tfc> steel 
plates by vulcanisation of the rubber in 
contact with the clean plate as previously 
described. 

After vulcanisation the adhesion was 
determined both at room temperature and 
at high temperature by the method already 
described. 

The following results were obtained : — 



65 



70 



Adhesion at 20° C. Adhesion at 112° C. 



75 Copper sulphate and chlorine treatment 2 ^-~ 2 S lbs./inch. 
Copper sulphate and bromine treatment 40 lbs. /inch. 



24 lbs./inch. 
40 lbs./inch. 
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In spile of the long period of storage 
before use the treated rubber age Tell 
either m the vulcanised or .mvuWsed 

5 assa aml * e adWe is - 

Examples. 

• GEOTJP 6. 

Jif, ? ol utiou of rubber (7.5 parts by 
in h, S i } 1J \ carbon tetrachloride (380 parti 
10 J>v volume) is cautiously added with rapid 

stirring a solution of hromine (3 parts bv 

is obSL b / V ° 1 1 Ume) - A mobil " s °^tion 
15 occurs D ° se P arati «» of eJots 

f«n!L S - epara j e ,?- 1 * tions of this solution the 
following additions are made, 0 8 warts 
(bv weight) being added to 100 parts (by 
volume) of the solution :— K 7 

20 (a) No addition. 

(b) Cobalt 

carbonate. 

(c) Copper thiosalicylate 

(d) Cobalt 

ok $ Cobalt salicylate 
<55 (f) Copper „ 

(g) Cobalt diethyldithiocarbamate. 

H^J^n ^Parate portions of the solu- 
tion the following additions by weight are 

30 vodume?- 10 ° PartS ° f * 



Examples. 

mi , GROUP 7. 

Ihrough a solution of rubber (7.5 parts 

Part7b^!l ln f^.tetracyorideW 65 
£1 P ™ lume > chlorine was passed at a 

abo 6 ut Of 3 0 a SuS? bUbbl ° S P6r 86 ™ A te 
t»^° s , e P arat .e Portions of this solution 0.8 
parts by weight of the following metal 7ft 

(1) No addition 

(2) Coba-lt carbonate. 

(3) Copper thiosalicylate. 7 c 

(4) Cobalt . „ /u 
&>) Copper salicylate. 

(o) Cobalt 

(7) Cobalt diethyldithiocarbamate. 



(h) Zinc diethyldithiocarbamate (0 45 
P a ?|s) snlphur (0.25 parts) zinc 

R °^ de i P arfe ) copper thio- 

^ ~ s . allc ylate (1.5 parts). 

SO U; Anc diethyldithiocarbamate (0 45 

/A U o? hur < 0 - 25 P a rts) *iac 
oxide (0.25 parts) cobalt thio- 
salicylate (1.5 parts), 
(t) Zmc diethyldithiocarbamate (0.45 
parts) sulphur (0.25 parts) zinc 
°*£e <0.25 parts) cobalt salicylate 
(1.5 parts). 

(1) Cobalt diethyldithiocarbamate (1 5 

45 ^ S) /nol pllUr ^ (0 25 P arts > zin c 

*o oxide (0.25 parts). 

The above mixtures are brushed on clean 
steel plates and, when dry, layers of un- 
vulcanised compounded rubber are 
*n HS a After vulc anising by means of 
50 beat and pressure, good adhesion of the 
rubber to the steel is obtained except in 
the case of (a) where only verv slight 
adhesion resulted due to the absence of 

^ InL T^i ? 6tal compound. The rubber- 
55 covered plates are heated to 105—115° C 
for about 30 minutes in an oven and the 
adhesion is again examined 

Following this procedure it is found 
fift It adhesion of the hot bond is sub- 

w£ all Z aS % a tllat obtained at room 
temperature (20° C). 



To separate parts of the chlorine-rubber ei 
solution 0,25 parts of sulphurf 0 ^arls 

?*W>^ lde \ aud °- 45 P ar ts of Z inc d? 
etnyldithiocarbamate were added per 100 
parts by volume of the solution 

(8) Cobalt thiosalicylate 1.5 parts. 85 
(»> Copper ti 15 pa^g 

(10) Cobalt salicylate 1.5 parts. 

(11) Cobalt diethyldithiocarbamate 1 5 
pars (omitting the zinc diethyl- 
ditbiocarbamate). g n 

wel^S? * 6StS b ^een rubber and steel 
S A 6 as Piously described and 

ffat ui^C I^T, ^ratu- 

escent m J?I W 1 obt 2™ e ? in all cases 
except (1) where the adhesion was noor Q<S 
dueto the absence of the heavy mltal corn- 95 

^7 i?S ^ Particularly described and 
ascertained the nature of our said inven- 
tion and m what manner the same is to 100 

dai£ ^ WC d6clare that what ™ 

of ^J""* f — ° d ° f b r din e compositions 
mrfS contai W ^ bb er or the like to 
metal comprising treating a surface of in* 
^d compositions and/or°of said metal 105 
with a fluid medium containing a com- 
pound of a heavy metal and one or more 
dissolved halogens, bringing the Wed 
surface or surfaces of said T comlosTtions lin 

o ™ ^ the application of heat 

~. lie process as claimed in Claim 1 

facTwit.h ff th reat ^ & sa ^— face orTnr- . 
i^\^3S*°» and withsaid 1 15 
Tll e process according, to either of 

iiiSPeients .Minding sn i phllr 
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of vulcanisation are admixed with said 
compositions and vulcanisation of said 
compositions is effected concurrently with 
said bonding. 

5 5. The process according- to Claim 1 or 
Claim 2 wherein said medium contains a 
proportion of rubber or rubber composi- 
tion. . . 
G. The process of bonding* compositions 

10 of or containing rubber or the like to 



metal substantially as described with 
reference to the accompanying examples. 

7. Composite articles of metal and 
rubber or the like when bonded together 
by the process claimed in any of the pre- 15 
ceding claims. 

Dated the 17th day of August, 193S. 
W. BOND, 
Acting for the Applicants. 
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